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ABSTRACT 
The potential for predicting flood magnitude and 
frequency using sediments deposited in backwater areas 
during flash floods was investigated on the Cumberland 
Plateau of eastern Kentucky, a region n9torious for 
flash flooding. Slack-water deposits are abundant in 
the area at tributary mouths and bedrock channel 
expansions. They are identifiable on geologic 
quandrangle maps, and are locally good potential 
indicators of maximum flood-crest elevations. However, 
in this humid region, flash floods could not be 
distinguished from non-flash floods using slack-water 
sedimentology. 
The results from the slack-water deposits studied 
indicate that they offer limited potential for 
predicting flash floods because 1) intense weathering, 
erosion, and bioturbation of slack-water deposits has 
rapidly altered and generally destfoyed the flood 
stratigraphy to the extent that flood-frequency data 
co~ld not be obtained; 2) mineralogic differences of 
bedrock units in tributaries of drainages prone to flash 
flouding are small and inadequate for distinguishing 
tributary and main channel flood deposits, and 3) flash 
floods in tributaries commonly but not always cause 
backwaters and slack-water deposits in main channels, 
preventing use of the conventional slope-area method of 
estimating discharge. The results suggest that the 
slack-water method may be successful if first a 
quantitative~y comrehensive method of describing flash 
floods using meteorologic, hydrologic, geomorphic, and 
sedimentologic parameters could be developed and used to 
distinguish them from non-flash floods. 
Descriptors: Sediment-water Interfaces, Flash Floods, Flood Forcasting 
Flood Peak 
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INTRODUCTION 
PERSPECTIVE 
Slack-water deposits (Figure 1) are characteristically mud 
and very-fine sand deposited from suspension and preserved in 
protected back-water areas of channels after major floods 
reced~ (Baker and others, 1982). They are preferentially 
preserved in bedrock channels rather than alluvial channels, 
and they commonly contain distinctive sedimentary textures, 
structures, and fabrics as well as datable material that 
together can provide a flood frequency relation for a 
particular slack-water site (Patton and others, 1979). 
Slack-water deposits may be deposited both during floods that 
attain peak discharges slowly and during flash floods. 
Flash floods present a special problem in river runoff 
analysis because they normally are the result of very 
localized and extremely intense thunderstorm events that result 
in high discharges becoming rapidly propagated along narrow, 
high gradient, upland stream channels (Beard, 1975; !ASH, 1974, 
National Weather Service, 1976, 1977; Peck, 1978; Costa, 1983; 
Hoxit et. al., 1982; Sheridan, 1977; Glancy and Harmson, 
1975). In eastern Kentucky, flash floods are especially 
notorious for causing extensive damage and loss of life in the 
mountainous Cumberland Plateau region ( Figure 2; Lexington 
Herald-Tribune, January 27, 1985, p Cl; Hannum, 1963; Sullavan 
et.al., 1979). 
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During the past two decades especially, flash floods have 
received considerable attention in the media and scientific 
literature. Nevertheless, they remain poorly understood. 
Early work in what were then termed ''cloudburst floods" was 
done by Follansbee and Jones (1922) and Follansbee and Hodges 
(1925), in the Rocky Mountains, and Woolley (1946) in Utah. 
Recently, the quantity of literature on flash flooding has 
grown rapidly (Baker et. al., 1986). 
In recent years geomorphologists and sedimentologists have 
been able to be of some assistance to hydrologists in studies 
of high-magnitude and low-frequency river discharges by 
employing methods of hydrogeomorphic analysis and_ flood 
sedimentology, including the analysis of slackwater deposits 
(Beard, 1975, Appendix I; DSM, 1982, Chapter 4; Kochel and 
others, 1982). Preferred sites for slackwater deposition are 
at the mouths of tributaries. One reason is that tributary 
discharges commonly peak and recede before or after the passage 
of the peak discharge in the main stream. The peak discharge 
of the main stream thus produces a flood backwater in the 
tributary mou_th area, and-results in a slackwater deposit 
(Figure 1). 
PROBLEM 
The list of methods used for predicting flood peak flows 
and their frequencies is long. The data and measurements 
needed are normally gaging station data, drainage area data, 
other geomorphic and soil parameters, and, if available, 
indirect discharge calculations of flash flood events (Chow, 
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1964; OSM, 1982). Such types of data are employed in the 
United States Geological Survey flood frequency method, the 
Rational Method, Cook's Method, the Bureau of Public Roads 
Method, The TMP Method, the SCS-TR55 Method, and regression 
analyses such as those of Craig and Ranke! or Johnson and Omang 
(OSM, 1982). Simple recurrence interval analysis, synthetic 
hydrograph construction, or complex computer programs may be 
used (OSM, 1982), but all of these methods depend on field or 
map measurements of hydrologic and/or geomorphic parameters 
(Chow, 1965; Eagleson, 1967). 
The several methods listed above are thus of only limited 
value in predicting flash floods in eastern Kentucky, because 
1) gaging station records are both spatially and temporally 
inadequate to allow prediction of the large magnitude and very 
low frequency (possibly 300 to 5000 year recurrence intervals) 
that may apply to many flash floods, and 2) flash floods occur 
domi~antly and most intensely in low order, ungaged, upland 
tributaries coincident with small storm cells. More 
importantly, the methods listed are not based on instantaneous 
peak discharges but employ average daily discharge, maximum 
daily discharge, or other noninstantaneous data instead (Wetzel 
and Bettandorff, 1986) 
Nevertheless, an improved method of predicting the 
magnitude and frequency of flash flooding in this important 
coal-producing region, where most of the population resides on 
the narrow floodplains of the "hollows'', is much needed. At 
present, United States Geological Survey regional· methods 
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(Hannum, 1975; and Wetzel and Bettandorff, 1986) employing 
standard regional gaging station data,' limited geomorphic data, 
and regression analyses, are the methods most used by 
hydrologists to predict floods and flash floods in eastern 
Kentucky. 
It thus was the goal of this study to investigate the 
potential that slackwater deposits may have in improving 
predictions of the magnitude and frequency of flash flooding in 
the highly-dissected Cumberland Plateau of eastern Kentucky, a 
mountainous region in which flash flooding is notorious and at 
present difficult to predict in magnitude and frequency, 
RESEARCH PROCEDURES 
APPROACH 
It is readily apparent that floods that occur in 
constricted bedrock channels with bedrock tributary streams 
will produce the most distinctive slackwater deposits. In 
addition, especially distinctive slackwater deposits will exist 
if the tributary and main stream exhibit a marked difference in 
sediment type, and especially in composition. Locations where 
bedrock spurs protrude into channels, locations where channel 
width changes abruptly, back-water areas at the insides of 
meander bends, and shallow caves along bedrock walls are other 
sites of potential slack-water deposition (Baker and others, 
1982). 
Slackwater deposits are commonly destroyed by bioturbation 
and other erosion processes, but where they are found preserved 
6 
with original laminae and beds intact, a flood stratigraphy can 
be generated for the site. Individual flood events can be 
distinguished in the strata, and the levels of flood deposits 
can be correlated and used in the slope-area method of 
discharge calculation (Dalrymple and Benson, 1967). Finally, 
hydrocarbon dates of wood, seeds, and paleosols, as well as 
dendrochronlology and other dating methods csn be used to 
assign dates to the flood events, compensating for error in 
dating method, of course (Kochel and others, 1982). 
An example of use of this method was provided by Patton 
and Dibble (1982). They studied the flood stratigraphy at the 
Arenosa Shelter, an archaeological site in west Texas, and 
correlated slackwater strata with datable artifacts in them to 
develop a recurrence interval flood relationship for the past 
several thousand years. 
Baker and others (1982). 
Additional examples were reported by 
RESEARCH PLAN 
The potential for using slack-water deposits to estimate 
flash flood frequency and ~agnitude for the Cumberland Plateau 
region of eastern Kentucky was investigated. Basic collection 
and analysis of information were done generally as follows: 
1. A literature search was made in order to collect and 
review all available flood frequency and magnitude 
information for the region and to quantitatively identify 
and characterize flash flooding. 
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2. Geologic quadrangle maps and other maps were studied, 
aiming to identify the better locations where slackwater 
water deposits exist in flash-flood areas. 
3. Slackwater sites were visited in the field. 
4. Sedimentologic investigations of. selected slackwater 
sites were made. Information obtained and used included: 
a. accurate map of site 
b. trenching of deposit; photomosaic construction 
c. detailed description of deposit, including 
sedimentary structures, textures, fabrics, 
lamination, bedding, geometry, size, lateral 
and vertical relationships; flora and fauna. 
d. sampling of deposit as appropriate 
e. dating of slackwater sediment 
DATA AND RESULTS 
IDENTIFICATION OF FLASH FLOODS 
A first and major goal of the study was to identify sites. 
in the field where flash flooding had occurred in the 
historical past, in order to correlate discharge data with 
slackwat1r deposits that resulted from the f~ash flood. Thus, 
it was first necessary to quantitatively distinguish flash 
floods from non-flash floods. 
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DEFINITIONS OF FLASH FLOOD 
Interestingly, a generally accepted and quantitatively 
comprehensive definition of exactly what constitutes a flash 
flood could not be found in the literature. Rather, the 
several definitions found are qualitative or semiquantitative 
and are each based on only a few of the many possible 
parameters controlling runoff (Table 1). 
In general, investigations of flash floods can be divided 
into three categories: 1) meteorological, those primarily 
concerned with the storms that produced the floods, 2) 
hydrological, those that emphasize aspects of runoff magnitude 
and frequency, and 3) geomorphological, those that emphasize 
the basin and channel characteristics and the sedimentary 
deposits associated with these events. 
Meteorological Approach 
In the meteorological literature, a flash flood is defined 
as one which follows within a few hours of heavy or excessive 
rainfall or other cause of rapid flooding (National Weather 
Service, 1986; Table 1). Storms which occur in the eastern 
u. s. and produce flash floods are divided into three major 
types (Maddox and others, 1979). These are: 1) Synoptic 
events, those in which storms develop and remain on the warm 
sides of fronts; 2) Frontal events, those in which heavy rains 
occur on the cool sides of fronts, and 3) Mesohigh events, 
nearly stationary nocturnal convective storms. The three types 
all occur in Kentucky, but synoptic events occur during all 
seasons and over broad areas. 
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TABLE I 
DEFINITIONS OF FLASH FLOOD 
Author and Year 
Follansbee and 
Jones (1922) 
Woolley 
(194 6) 
Hoyt and Langbein 
(1955) 
Flash Flood 
Symposium (1974) 
Ishihara and 
Ishihara, 1974 
Beard 
(1975) 
Hall 
(1978) 
Jensen, et al. 
(1978) 
Ward 
(1978) 
Maddox et al. 
(1979) 
National Weather 
Service (1986) 
Current Operation 
Manual 
Definition 
Flood caused by intensive 
rainfall of short duration over a 
small, sharply defined area. 
Flood with a flash peak.discharge 
followed by quickly deminishing flow. 
Flood with short time of rainstorm to 
discharge as runoff. Time is 
proportionate to size of watershed. 
Refer to equation 1, this report 
Flood with a time to peak which 
is very short and the specific 
discharge of which is relatively 
unimportant. 
Flood caused by heavy rainfall 
in a short duration of time and small 
area, and the predominant component of 
runoff during such a flood results 
from overland flow and prompt 
interflow. 
Damaging flood which occurs within 4-6 
hours of the time the causitive 
rainfall occurs. 
Flood occurring quickly with little 
time advantage between the observation 
of rainfall and the resultant flood. 
Flood that rises and falls 
quite rapidly with little of no advance 
warning, usually as a result if intense 
rainfall over a relatively small area. 
Flood resulting from a convectional 
storm or high-intensity raincell 
associated with frontal storms. 
Flood caused by heavy rainfall 
produced by convective storms. 
A flood which follows within a few hours 
of heavy or excessive rainfall, dam or 
levee failure, or a sudden release of 
water impounded by an ice jam. 
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Hydrological Approach 
Hydrologists commonly define flash floods based on the 
shape of the hydrograph produced by a stream gage. A flash 
flood is one that has a short time to peak combined with a high 
peak flow. Flashiness can be observed either in the hydrograph 
(Figure 3) or in the duration curve of a single flooding event 
A flash flood produces a hydrograph with a sharp peak and steep 
rising and falling limbs, and a duration curve with a steep 
central slope. 
Hoyt and Langbein (1955) distinguished flashy and sluggish 
str~ams using the relationship between drainage area and lag 
time (Figure 4; Table 1). However, it is readily obvious that 
some upper limit of drainage area must exist above which flash 
floods will not occur, because of limits to the sizes of storms 
and the downstream attenuation of peak discharge. 
Nevertheless, the Hoyt and Langbein equations are important 
because they represent one of the few attempts to 
quantitatively define flash floods. 
Hershfield and Engman (1978) developed a general model 
from rainfall data taken from two storms. They concluded that 
the factors which increase the peak are high rainfall 
intensity, high antecedent moisture conditions, high watershed 
slope and low soil infiltration rates. 
Campana et al. (1982) studied the effect of several 
parameters on the time to peak and the peak flow of floods 
resulting from rainstorms of similar intensity in arid 
environments. The two most important criteria they observed 
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were plane (interchannel) slope and plane Manning's "n'' 
(Manning's rooghness coefficient), An increase in the peak and 
a decrease in the time to peak resulted from an increase in the 
plane slope while an increased Manning's "n" generally 
decreased the peak flow and increased the time to peak, 
Beard (1975) published a regional index of flash flood 
magnitude which could be applied to large regions or individual 
streams. The index is based on the deviation of the annual 
maximum streamflow from the mean, 'This produces much larger 
index numbers in arid regions where ephemeral streams 
predominate than in humid regions where perennial streams are 
more common. Never~heless, many flash floods do occur in 
perennial streams such as those in the Cumberland Plateau 
region of Kentucky, 
Thus most hydrologists have concluded that slope of the 
watershed and slope of the channel are the factors most 
important in producing flash floods, but that exceptions are 
common. For example, in 1977, two intense storms which 
occurred within 20 hours caused flash floods in nearly flat 
areas of Kansas City (Hales, 1978), There the main cause 
appears to have been that the soil had been saturated by the 
first storm, causing a high runoff volume when the second storm 
occurred, In short, flash floods may occur in different 
climates and geomorphic settings, and they may be of low or 
high magnitude and/or frequency. 
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Geomorphic Approach 
Flash floods may be commonly of high magnitude and low 
frequency. Thus methods of prediction by analysis of gage data 
are of limited use for estimating the frequency of rare flash 
floods. Some investigators have used other methods that employ 
observations of watershed characteristics and aspects of flood 
deposits and floodplain features. 
Flash floods are generally caused by extremely intense 
rainstorms falling on a limited area. They can occur in any 
geographical region, but are most common in streams with 
specific geomorphic qualities which cause the time to peak to 
be reduced and the height of the peak to be increased (Table 
3), One equation commonly used for time to peak (Tp) is 
(Viessman et. al, 1977): 
Tp = D/2 + Ct(LcaL)**0.3 (l) 
where Dis duration of rainfall, Ct is a watershed 
parameter based on land use, Lea is the length of main channel 
to centroid, and Lis the total length of the main channel, 
However several authors ha·ve proposed other parameters which 
they consider more important in influencing the time to peak of 
a hydrograph. 
In 1972, Black showed by the use of physical models that 
greater peak flows were produced by a high watershed slope, 
high rainfall intensity and high antecedent moisture conditions. 
Beard (1975) observed that in the field high channel slope, low 
channel length, high relief and little vegatative cover were 
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common to streams which produced flash floods. Patton and 
Baker (1976) reported that high relief and high drainage 
density were the two major factors which produced flash floods 
in central Texas. 
Sigafoos (1964) studied trees damage~ by floods in ungaged 
watersheds on the Potomac River. Floods rarely kill trees, but 
often scar or partially bury them, After the tree has been 
scarred, annual rings in the new growth over the scar can be 
counted to obtain a date for the flood. The height of these 
scars can also give a minimum depth of the flood which caused 
them. This method is however limited in time by the lifespan 
of most trees and thus is not useful for estimating the 
frequencies of floods with a recurrence interval of greater 
than a few hundred years. 
A catastrophic flood on Western Run in Maryland in 1972 
covered a wide area with gravel and clay (Costa, 1974). When 
these deposits were covered by alluvium, they became preserved 
as lenses with flat bottoms and curved tops, and they extend to 
the limit of the area covered by the flood waters. Excavat~on 
at the site revealed an older lens, evidence of an earlier 
flood. This lens contained organic material which was dated by 
radiocarbon methods at 2105 plus or minus 120 years before 
present (Costa, 1978), Thus Costa was able to determine that 
the previous flood of the magnitude of the 1972 flood on 
Western Run had been approximately 2000 years earlier. 
While flash floods occur in many geographic regions, 
they are somewhat different in humid and arid environments, 
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Flash floods in humid environments: 1) have more gentle 
hydrograph limbs, 2) carry less sediment and debris, 3) result 
more from subsurface flow, 4) have the peak decreased by bank 
•torage, and 5) generally have a higher total water volume 
involved in the flood (Campana et al,, 1982), In arid regions 
flash floods: 1) have steeper hydrograph limbs, 2) carry more 
sediment and debris, 3) take most of their flow directly from 
rainfall, 4) have the peak decreased by channel infiltration, 
5) have channels more likely to be degraded, and 6) have a 
lower total water volume than floods in perennial streams. 
MAGNITUDE AND FREQUENCY OF FLOODS IN EASTERN KENTUCKY 
The Cumberland Plateau of eastern Kentucky has more than 
fifty stream gages, representing drainage areas from less than 
a square mile to almost 6,000 square miles (Figure 5), 
Three principal methods for estimating the magnitude and 
frequency of flooding in Kentucky have been applied in recent 
years. The first is the partial duration series method which 
was used by McCabe (1962), based on the method reported by 
Dalrymple (1960), This method also was applied in Kentucky by 
Hannum (1969) to predict the SO-year flood on Triplett Creek, 
The second method is the regression equation method used by 
Hannum in 1976 and Quinones et al, (1981) in the Eastern Coal 
Province. Both methods are based on and limited by ~vailable 
gaging station data. 
The method most commonly used in the last decade was 
reported by the Water Resources Council (1981) and is based on 
the well-known Log Pearson III method of data analysis. This 
18 
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has been used in Kentucky by Sullivan, Quinones and Flint 
(1979), Kiesler et al. (1983), afid Melcher and Ruhl (1984). 
The National Weather Service (NWS) maintains a flash flood 
watch, based on a n·e twork of st ream gages and weather stat ions, 
including individuals who report large amounts of ~ainfall and 
runoff as they occur. Kentucky is divideA into nine forecast 
zones (Figure 6). Zones six through nine include the 
Cumberland Plateau region. 
A flash flood warning is issued by the NWS when f1ash 
flooding is imminent. A flash flood is considered imminent 
when l) average basin rainfall for a three, twelve, or 
twenty-four hour_period exceeds the amount listed for that 
category in the Flash Flood Guidance Table for the zone (Figure 
6); 2) the duration of moderate or heavy rain; 3) the base flow 
of the stream (if gaged); and 4) reservoir or other upstream 
releases. In effect this is a quantitative method of. 
identifying a flash flood for a site by using precipitation, 
antecedent moisture conditions, and water already in the 
channel. Other geomorphic and hydrologic parameters are not 
included, and many ungaged channel segments may not be included 
in the network. 
FLASH FLOODS IN EASTERN KENTUCKY 
Eastern Kentucky is notorious for flash flooding. Flash 
floods occurred on Frozen Creek and Triplett Creek (Figure 7) 
19 
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in 1939 (Schrader, 1946), the Middle Fork of the Kentucky River 
in 1957 (United States Geological Survey, 1957) and on Paint 
Creek in 1961 (Hannum, 1963; Table 2). Some have been recorded 
by stream gages, but many eY.ewitness accounts exist of flash 
floods from ungaged watersheds. 
The flash flood discharges recorded by gages and 
indirectly estimated and reported in the literature were 
compared to flood discharge/frequency relations published by 
McCabe (1962), Hannum (1976), Melcher and Ruhl (184) and Wetzel 
and Bettandorff (1986), Discharges for many of the flash 
floods were of high magnitude and low frequency, commonly 
exceeding the 100-year floods. However, many flash floods have 
been of low magnitudes and frequencies, and flash flows have 
occurred in streams without significant flooding. 
The floods of July 1939 (Figure 7) were more than twice 
the magnitude of other floods recorded over a large area of 
eastern Kentucky; As much as twelve inches of rain, and 
possibly as much as twenty inches occurred locally. The 
average period of rainfall was three hours, and more than eight 
inches occurred over an area of more than 440 square miles, 
Rainfall intensity was several times the level required for the 
National Weather Service to issue a flash flood warning. 
River stages rose rapidly, and as much as several feet in 
ten to fifteen minutes at several locations, Damage was 
widespread. The Log Pearson III method applied to the data for 
Triplett Creek indicated a marked difference between the curves 
including and excluding the 1939 flood. The line for the data 
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TABLE II 
MAJOR FLASH FLOODS IN THE EASTERN COAL PROVINCE OF KENTUCKY 
Data from McCabe (1962), Hannum, (1963) and Runner and Chin (1980) 
Year No. Stream 
Watershed 
Area (sq mi) 
Unit Discharge 
(cfs/sq mi) Discharge 
-----------------------------------------------------------------
1939 1 Frozen Creek 
2 Triplett Creek 
3 Cristy Creek 
4 Cope Fork 
5 Johnson Fork 
1957 Middle Fork, 
6 Kentucky River 
7 Red Bird Creek 
8 Bear Branch 
9 Straight Creek 
1961 10 Paint Creek 
1977 11 Clover Fork 
55.1 
23.3 
22. 9 
4 7. 9 
74.4 
11. 5 
11. 8 
5.30 
226 
420 
117 
2. 21 
53.8 
101 
82.4 
22 
947 
1,890 
1,460 
919 
972 
1,060 
1,700 
2,170 
299 
196 
415 
170 
310 
170 
220 
52,200 
44,000 
33,400 
44,000 
72,300 
12,200 
20,100 
11,500 
67,000 
82,300 
48,000 
375 
16,700 
17,000 
18,000 
' 
• 
--
EXPLANATION 
Map showing isohyets from 1939 storm 
flash flooding in eastern Kentucky. 
that produced severe 
From Schrader, 1946. 
Figure 7 
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including the 1939 flood predicts a recurrence interval of 
about 1,000 years for a similar flood, whereas the line which 
does not include the flood predicts a recurrence interval of 
about 20,000 years. 
Large thicknesses of mud and fine sand were deposited on 
fields on alluvial bottomland fields during the 1939 floods. 
Inspection of the deposits in the field revealed little 
remaining evidence of the flood today because of recultivation. 
The fine-grained nature of the source sediments and the lack of 
wide variability of sediment composition between tributaries 
prevented identification of flood stratigraphies in the ~rea. 
A comparison of drainage areas and flash flood discharges 
(Table II) indicates that flash floods in the region may 
generally limited to watersheds with an area of less then 400 
to 500 square miles. Streams with small drainage areas 
generally have steeper slopes and straighter, narrower 
channels. However, insufficient data on flash flood peak 
discharges'exist to quantitatively support the inference. In 
longer channels, storage is important in decreasing the height 
of the peak. 
Hydrographs were constucted from gage data taken during 
floods in 1957 (United States Geological Survey, 1964) and in 
1961 (Hannum, 1963;). Those which produced the flashiest 
hydrographs--the Middle Fork of the Kentucky River at Buckhorn 
and Paint Creek at Staffordsville occurred in regions of 
extremely intense rainfall. Both are fairly straight streams 
in watersheds of high slope and high relief. Both have high 
drainage density and short channels. The Middle Fork has a 
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higher slope and relief, but Paint Creek has a shorter channel 
and a greater drainage density. 
Difference in height of peak can be seen by a comparison 
of John's Creek at Meta and the Middle Fork at· Buckhorn which 
have nearly identical times to peak. John's Creek has a 
slightly lower drainage density, higher slope, lower relief and 
a more sinuous channel. Though the time to peak in 1957 is 
approximately the same, the height of peak at John's Creek is 
considerably less. 
Thus, the analysis of rainfall and runoff data from flash 
floods and non-flash floods in eastern Kentucky indicated that 
flash floods are common and of highly variable magnitude and 
frequency. They are not included as a separate class of floods 
by hydrologists or geomorphologists. The flash flood warning 
system of the National Weather Service, although the best 
available quantitative approach to describing and predicting 
them, excludes many parameters important as independent 
controls of magnitude and frequency. 
SLACK-WATER DEPOSITS IN K~NTUCKY 
Examination of the geologic quadrangle maps of Kentucky 
revealed that slack-water sites and deposits are abundant. 
They exist typically on bedrock streams where tributaries enter 
the main channel or where the channel widens suddenly. 
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Wymer's Branch 
A prominent slack-water deposit exists at the mouth of 
Wymer's Branch where it enters Hickman Creek in Jessamine 
County, Kentucky (Figure 8). The confluence is in the Hickman 
Creek fault zone, and the streams are controlled by bedrock. 
Both streams are suspended-load streams, and bedrock in the two 
drainages is almost entirely limestone. The deposit is dark 
grey to black silt and clay containing abundant black, humic 
material, well weathered. Sedimentary structures and distinct 
sedimentation units were not present, and the deposit has been 
disturbed throughout by animal burrows or tree or other plant 
roots. Like many of the slack-water deposits observed, the 
surface is nearly flat or slopes slightly away from the main 
channel, and is thus an excellent location for agricultural 
development. Flood deposits from the main channel and the 
tributary could not be differentiated at the Wymer's branch 
site. 
Triplett Creek 
A major flash flood with associated gaging station data 
occurred on Triplett Creek, in the vicinity of Morehead, 
Kentucky, in 1939. Examination of the area revealed that 
development of roads and buildings in the vicinity of Morehead 
has altered the flood surface to the extent that sedimentologic 
data recognized as conclusively relating to the 1939 flood 
could not be collected. 
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Figure 8. An example of a slack-water site during flood, Wymer's Branch, 
Jessamine County, Kentucky, The flow in the main channel is 
backed up into the tributary, and has topped the banks and. 
covered much of the adjacent floodplain. The flat area in 
the foreground is a slackwater deposit resulting from earlier 
floods. 
Frozen Creek 
The same 1939 storm that produced more than six inches of 
rain at Morehead produced more than eight inches over the 
drainage of Frozen Creek north of Jackson, Kentucky. Field 
inspection of the valley of Frozen Creek indicated that 
slackwater deposits are evident at several locations in the 
mouths of tributary valleys. However, bedrock types in the 
tributaries and in the trunk channel are not distinctly 
different, and distinct differences between sediment from the 
two sources could not be ascertained. The flood deposits have 
been cultivated and otherwise altered by man or naturally 
bioturbated. 
South Fork, Cumberland River 
A prominent slackwater deposit was investigated in the 
bedrock canyon of the South Fork of the Cumberland River in 
southern McCreary County, Kentucky (Figure 9). The deposit is 
at the mouth of Oil Well Branch, a perennial tributary. The 
sediment mound is dissected by Oil Well Branch, and is chiefly 
composed of sand, left by the Cumberland, which contrasts 
markedly with the sedimen~ in Oil Well Branch. Examination of 
the deposit revealed that bioturbation has destroyed the 
primary sedimentary structures. That the deposit was the 
result of a flash flood or a non-flash flood could not be 
determined. 
Ohio River Near South Portsmouth, Kentucky 
Although the Ohio River at this site should not be 
expected to experience flash floods, the area is subject to 
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Figure 9. Photo of slack-water deposit at the mouth of Oil Well Branch, 
a tributary to the South Fork of the Cumberland River in 
McCreary County, Kentucky. The deposit is not from a flash 
flood. The original sedimentation units have become highly 
altered by plant bioturbation, slumping, and other 
p,1stdepositionul alt~ration prl1c~sses. 
regular flooding and contains prominent flood deposits. In 
particular, the site of a new bridge across the Ohio at South 
Portsmouth coincides with an expansion bar that formed and grew 
as a backwater deposit downstream of the Portsmouth 
constriction of the Ohio. Excavations at the site have 
revealed a flood stratigraphy that exemplifies the processes 
and deposits typical of larger flood-prone streams in eastern 
Kentucky (Figure 10). 
An excavation more than five meters deep on the floodplain 
was described and sampled with depth. Interestingly, only two 
to three meters deep, radiocarbon dates of charcoal are between 
4000 and 5000 years before present. One radiocarbon date of 
charcoal near the bottom of the pit (5 meters) was more than 
18,000 years. These results conform to those of Mansfield 
(1938), wh~ studied flood deposits on the Ohio and reported 
that only small amounts of sediment remain from overbank 
floodplain inundation on the Ohio. 
The suspended load nature of overbank deposition of the 
Ohio and other perennial eastern streams is in sharp contrast 
to that of ephemeral streams in arid regions. The latter 
commonly produce thick sandy overbank sedimentation units 
during flash floods. In suspended-load channels of perennial 
streams, little sediment may be deposited during major 
flooding. 
However, flood deposits in humid regions differ from those 
in arid regions because the former become covered and 
internally altered .by vegatetion. In addition, where the 
30 
<.,) .... 
Figure 10. 
----·-·-·--!.. 
, ,· . ~~ --~ ~'.r.r ... ~,...! 1~::,;.~1~:;:i~· : .. L~;~ii:~:\i':~;:j;.:: 
, /"~<'~~· ,_-:Jl.::;..f~."~h.-...,t.e>•,~~'"""'•• ""';.,, r _.,_, .,,, • ..,_ .. ,. .. 
· ... ~ ... ~·*-----1~!.~ .. {f~;;v"'t-~ .. ~;t. ~--i; ~/) ~;. ~/'.,, .. : J ·- ,;ct .. - .ff., r._-~--
-.,.""1.-'", ,,'-~-ll}"~.1•.,t•'c....-,-,"'lt,£ -~·,~-' JL,o• • 1' ~ .. ~·-· ..... o• 
, 
,,,.# ~ ... _. i~J ... .., . -·- .i' ......... ':J~·r .. ~ ~ ,);"'!-.} :,. :;. !:. I-,:,,'· ·l' :- ' .:; · """~ ". 
• O 0A -(~ ,"")' _.11 .• :: .. ~~ ~? .. ""!f_,v ,"{' .. it-~ ... r f.!,. . .r_..,..1 i. •c.;. 
• ,r° ~- _...r,.",..,!• 1-o "7'-·,-- • ,..•r-, ,{~. ::>,,,;; -,__t b 'T ,;.t_A::r · f·~·• - .: ·.,1, 
~~v."~.:'fiJ::':.J/jjj:!'° ·~~°;.H : .. ,f .. ;~~_r.;Jt,, ~·.,..,.,,- ,.,;~ a.-·i4--~ .. _.;.,l 
--.~ ....... ·'!e .. ~J'?/".- (;:tJt"!i;' , .. , !t1i ~·.tt.~':..., ·pr.·:.. ... :. •· ~ 
'"f"" _...,.-'._-') J""• -;~. r • ,: J" < -' • .,. •"., '9r;:,a ,,,t,.,"• "" ,:-r~:"·_ .. :: ...... ,.,,ff·/..!r:J'~ ·:..,..,.: !!r,tJFJ;.:t;~;t/J",~,r: ;°"[_··, .. -,:; .. 
-'-~~;;i'-"7~·r~::··;t;·-"'-.:: .... ,;ft~ _,.,;;.~t'1~'If.t .. _!..~·.i:·, :. -..,·r .. 
·, .#~ --~,.,, ;.:-,.-: ,'i,r ~ .. ~ · ,'.'fi.,,•2~- ""~,f·~ ~-··--.•t .,,- ~-_,.., 
~ 1 r., ~-""' ~--- •,11, '\ J..:' r• "'·'~ 'tr I ""'~ "'' ·--•t 
••• .# ~ ::..t.•...-: i" ~#.~ •• , .._if),1t,-{i=:.o: ~;' .. 1"--1 ' ~·" .:r;-4' 
fl'" ~ ~' ' •* • • ... .I. • .. ' • , " • ., ;·;,,-~ ~-,.-41_- '--5~r.._1.rr., :_; .. , ... _~, ~;-;;r.,... i't,' .~ '",.:; ~~~:,-.,(~;· ;A~·-~·-~t.,r~ tJ~< .ri:,'1:,·;, .. i_rff 'I f 
~~r~-. _,_ . _ .."·-' ..,-i;:-- .i. -~:"·t:_· j:.._,~i~if:~4~:':.~".._:-":; · - . zJr~.,,_,, . .,,,.J,·"' '°"., • .., , - ,~ 
.('4 ~ .;• _ <!.t:".,.. -~ , •v r , , . -
'.,.- ~~ :f, .. :.,,. _,'·fl' I~_.,..~- '!,._f) •'.)_ '~ •. • ·-. ..,. -·· 
-;-;.~ ~-, i"": '~,· • ,' /< ',-·. . N,-;•I - r· :.. :,~:,:, 4-"'--... .,_~..l# .1 ·- -. 
> ,.. c:.r,,-,...:..·,,. • .. ,. 
,..--- , ...,. , ·~"C- ~-;.....,- -tt;r.~{~ ..... :);.-.~ '"?; •.; I~;..-,• "l .._ .;..;..··"!-"J..~ 
- ..> .-.,..-,;;,.'~.:~ ~ .. :.:~·..:..,,-~~.-:,I. ~t~.·-·---- :'-:1~ · .. ,~it: ·---.!""·~· ........ _, 'A-:- .... .. ,,.___ :, ...,...;:!.,.r.: :.... It'"...- ,..=:t::_ ....... -.-l,:..-:-...... _ ..
. ....- r - , ·"'1'1'"'i<1io- ~~!,. ?,..,•fi"· "1 P,.::.1JJ:'".;;,r:,,_..- - ,. _. ' .• .._ 
,.~ -, , . 
• 
. -." . . . ...: ~-~ ~. ~- ... - .. .... .. , -. 
~ " t li•"-'I' ' . . ,, ;.:", '-' ... ~~:-1i ;;_ ;.: ... ~, .. -,·J, r ·,.:};~t= ,-~.:-1 • '-1 ,~ ·-.~~~· ·-. !I , . . . , :.· _.;.'!"~--.: ; ..• ·-
,,. · ·,~: ~ I it : .... ...;._:;..::~ ( ,;( _., ~-. 
Photo of flood deposit on the Ohio River near South 
Portsmouth, Kentucky, The sediment at the machete level was 
dated (radiocarbon) at approximately 18,000 years before 
present. The top 1.5 meters was deposited within the last 
4000 to 5000 years. 
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sediments of the tributary are similar to those of the main 
channel, it is extremely difficult to distinguish between 
slack-water deposits and sediment from the tributary. 
Slack-water deposits are abundant along the narrow bedrock 
channels of eastern Kentu~ky, but trenching of representative 
examples revealed that deposits left by flash floods could not 
be distinguished from deposits left of floods that were not of 
a flashy character. Flash flood slack-water deposits may be 
indistinguishable from non-flash flood deposits in other humid 
areas as well. 
SUMMARY AND CONCLUSIONS 
Flash flood hydrographs are characterised by steep rising 
and falling limbs and a sharp peak, Most recent research into 
flash floods has concentrated on floods in the semiarid and 
arid western United States, whereas little attention has been 
paid io flash floods in humid environments. 
Factors controlling flash flooding can be divided into two 
groups: 1) rainfall factors and 2) runoff and geomorphic 
factors. Flash floods result from extremely intense storms, 
which may occur at any time of the year in eastern Kentucky. 
Intense storms are most likely to produce flash flooding in a 
watershed with steep hillslopes, high channel gradients, high 
relief, high drainage density and high existing soil moisture. 
Flash floods have been documented in eastern Kentucky on 
gaged and ungaged streams. Methods of prediction of magnitude 
and frequency of flash floods are not currently available, 
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mainly because of short periods of station records and use of 
methods that rely on stream or rainfall gage data, rather than 
peak discharge measurements. 
Slackwater sedimentology was investigated as a potential 
method of improving the prediction of magnitude and frequency 
of flash flooding on the Cumberland Plateau. The slackwater 
method does not appear presently to be feasible for predicting 
flash floods in Kentucky because 1) flash floods have not been 
distinguished from non-flasi floods in a quantitatively 
comprehensive manner, and 2) bioturbation commonly destroys the 
stratification that would be used to generate a flood 
stratigraphy comparable to that commonly observable in arid 
environments. Nevertheless, slackwater sedimentology may be of 
use for extending flood magnitude and frequency relations for 
non-flash floods. 
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